Background: Muscle weakness especially weakness of the respiratory muscles is a complication of chronic kidney disease. The cause of muscle weakness is the accumulation of excessive amounts of urea and other toxins. The aim of this study was to assess the effect of hemodialysis on respiratory muscle strength by measuring maximum inspiratory (PI max) and expiratory pressure (PE max). Materials and Methods: A cross sectional study was carried out on 31 patients with chronic kidney disease at Modarres hospital in 2012. Before hemodialysis, patients had their PI max and PE max taken by using a manovacuometer. After that, the patients were connected to the dialysis machine. At the end of the hemodialysis, the patients had their PI max measured again. Data were assessed by the multivariate regression test. Results: Before dialysis, PI max and PE max were lower than normal levels. After the hemodialysis session, repeat PFT revealed an increase in PE max and no significant change in PI max. There were strong correlations between hypoalbuminemia, anemia, hypercalcemia, hyperphosphatemia, hyperparathyroidism and decreased respiratory muscle strength. Also, the respiratory muscle strength decreased in the elderly and women. Conclusion: Respiratory muscle weakness is a complication of chronic kidney disease; hemodialysis can improve muscle strength and PI max.
INTRODUCTION
Chronic kidney disease is an evolving problem in modern countries. In 2010, 520,000 patients had routine dialysis. Each year, new patients (4.1%) are added to dialysis patients. Although hemodialysis has increased life expectancy of these patients, they suffer from many complications including restricted physical activity, muscle weakness, anemia, osteoporosis and metabolic disturbances. Chronic renal failure predisposes patients to large volume shifts and electrolyte imbalance that could affect muscle force. Besides, structural changes in muscle morphology occur in patients under dialysis (1) . Other studies have shown abnormal mitochondrial function and muscle wasting, but normal contractile efficiency in hemodialysis patients (2) . Muscle weakness is manifested as generalized weakness and particularly respiratory muscle weakness. Measurement of respiratory muscle strength is useful to detect respiratory muscle weakness and quantify its severity. In patients with severe respiratory muscle weakness, vital capacity is reduced;
however, it is a non-specific and relatively insensitive measure. Conventionally, inspiratory and expiratory muscle strength has been assessed by PI max and PE max sustained for 1 second during maximal static maneuver.
The (Figure 1 ). In univariate analysis, there was no significant difference between pre and post-dialysis PI max (P=0.40).
Besides, there was no significant difference between preand post-dialysis PE max (P=0.80). The mean weight significantly decreased after dialysis (P=0.0001). There was no linear correlation between PI max and PE max in preand post-dialysis with Hb, Ca, P, and PTH levels.
Age was reversely correlated with PI max and PE max (P=0.001) (r=-0.731 and -0.736, respectively). In fact, PI max and PE max decreased significantly with increase in age. PI and PE max were significantly higher in men compared to women (P=0.31, and P=0.04).
In multivariate regression analysis, PI max and PE max differences pre-and post-dialysis were adjusted for other variables including age, sex, weight and other laboratory parameters and they were extracted from the regression model using the backward method if they were not significant. This model helped determine the effect of dialysis on PI and PE max. 
DISCUSSION
This study aimed to determine the respiratory variables of PI max and PE max in hemodialysis patients before and after dialysis as a determinant of respiratory muscle weakness in these patients. Our results showed that PI and PE max were significantly lower pre-dialysis compared to post-dialysis in these patients. It seems that dialysis can help significantly improve muscle weakness.
PI max and PE max increased post dialysis compared to pre-dialysis. This increase was significant for PE max but not significant for PI max. In a study by Dipp et al, (6) in 2010, respiratory muscle weakness in hemodialysis patients was noticed by lower than normal PI and PE max.
Patients with Chronic Renal Failure (CRF) undergoing dialysis showed impaired functional capacity and lung function that were not completely reverted in kidney transplant patients (7) . Analysis of PE max and PI max showed that respiratory muscles in uremic patients were weak (8) . Forced expiratory flow between 25% and 75% of vital capacity was slightly below normal in the dialysis patients. General concept is that both inspiratory and expiratory muscle strength decrease and dialysis can improve both. In our study, only PE max increased significantly after dialysis. Other studies such as the one by Saiki et al.
showed that PE max increased more than PI max after dialysis, which is consistent with our study result (14) . Our results showed that increase in urea decreases respiratory muscle force due to uremic myopathy and dialysis decreases urea and improves pulmonary function.
Other study showed that the uremic myopathy induces loss of respiratory muscle bulk and decreases oxidative metabolism and muscle proteins. Therefore, dialysis seems to improve these indices by a decrease in urea (20) .
In our patients, increase in calcium and phosphorous in accordance with serum PTH decreased PI and PE max. Puy et al. 
